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1
LOW PROFILE SENSOR MODULE AND
METHOD OF MAKING SAME

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 61/778,238, filed Mar. 12, 2013, and which
is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to packaging of microelec-
tronic devices, and more particularly to a packaging of optical
semiconductor devices.

BACKGROUND OF THE INVENTION

The trend for semiconductor devices is smaller integrated
circuit (IC) devices (also referred to as chips), packaged in
smaller packages (which protect the chip while providing off
chip signaling connectivity). One example are image sensors,
which are IC devices that include photo-detectors which
transform incident light into electrical signals (that accurately
reflect the intensity and color information of the incident light
with good spatial resolution).

There are different driving forces behind the development
of wafer level packaging solutions for image sensors. For
example, reduced form factor (i.e. increased density for
achieving the highest capacity/volume ratio) overcomes
space limitations and enables smaller camera module solu-
tions. Increased electrical performance can be achieved with
shorter interconnect lengths, which improves electrical per-
formance and thus device speed, and which strongly reduces
chip power consumption. Heterogeneous integration allows
for the integration of different functional layers (e.g. the inte-
gration of high and low resolution images sensors, the inte-
gration of the image sensor with its processor, etc.).

Presently, chip-on-board (COB—where the bare chip is
mounted directly on a printed circuit board) and Shellcase
Wafer Level CSP (where the wafer is laminated between two
sheets of glass) are the dominant packaging and assembly
processes used to build image sensor modules (e.g. for mobile
device cameras, optical mice, etc.). However, as higher pixel
image sensors are used, COB and Shellcase WLCSP assem-
bly becomes increasingly difficult due to assembly limita-
tions, size limitations (the demand is for lower profile
devices), yield problems and the capital investment for pack-
aging 8 and 12 inch image sensor wafers.

There is a need for an improved package and packaging
technique that provides a low profile packaging solution that
is cost effective and reliable (i.e. provides the requisite
mechanical support and electrical connectivity).

BRIEF SUMMARY OF THE INVENTION

An image sensor package includes a host substrate assem-
bly and a sensor chip. The host substrate assembly includes a
first substrate with opposing first and second surfaces, an
aperture extending through the first substrate between the first
and second surfaces, one or more circuit layers, and a plural-
ity of first contact pads electrically coupled to the one or more
circuit layers. The sensor chip includes a second substrate
with opposing first and second surfaces, a plurality of photo
detectors formed on or in the second substrate and configured
to receive light incident on the first surface of the second
substrate, and a plurality of second contact pads formed at the
first surface or the second surface of the second substrate and
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which are electrically coupled to the photo detectors. A spacer
is mounted to the first surface of the second substrate. A
protective substrate is mounted to the spacer and disposed
over the plurality of photo detectors. A plurality of electrical
conduits are each formed of electrically conductive material
and extend through the spacer and are in electrical contact
with one of the second contact pads. Electrical connectors are
each electrically connecting one of the first contact pads and
one of the electrical conduits.

In another aspect of the image sensor package, it includes
a host substrate assembly and a sensor chip. The host sub-
strate assembly includes a first substrate with opposing first
and second surfaces, an aperture extending through the first
substrate between the first and second surfaces, one or more
circuit layers, and a plurality of first contact pads electrically
coupled to the one or more circuit layers. The sensor chip
includes a second substrate with opposing first and second
surfaces, a plurality of photo detectors formed on or in the
second substrate and configured to receive light incident on
the first surface of the second substrate, and a plurality of
second contact pads formed at the first surface or the second
surface of the second substrate and which are electrically
coupled to the photo detectors. A protective substrate is
mounted to the second substrate, wherein the protective sub-
strate includes a cavity formed into a surface thereof which is
disposed over the plurality of photo detectors. A plurality of
electrical conduits are each formed of electrically conductive
material that extends through the protective substrate and is in
electrical contact with one of the second contact pads. Elec-
trical connectors are each electrically connecting one of the
first contact pads and one of the electrical conduits.

A method of forming an image sensor package includes
providing a first substrate that includes opposing first and
second surfaces, an aperture extending through the first sub-
strate between the first and second surfaces, one or more
circuit layers, and a plurality of first contact pads electrically
coupled to the one or more circuit layers; providing a sensor
chip that includes a second substrate with opposing first and
second surfaces, a plurality of photo detectors formed on or in
the second substrate and configured to receive light incident
on the first surface of the second substrate, and a plurality of
second contact pads formed at the first surface or the second
surface of the second substrate and which are electrically
coupled to the photo detectors; mounting a spacer to the first
surface of the second substrate; mounting a protective sub-
strate to the spacer wherein the protective substrate is dis-
posed over the plurality of photo detectors; forming a plural-
ity of electrical conduits of electrically conductive material
each of which extending through the spacer and in electrical
contact with one of the second contact pads; and forming
electrical connectors each electrically connecting one of the
first contact pads and one of the electrical conduits.

In another aspect of the method of forming an image sensor
package, it includes providing a first substrate that includes
opposing first and second surfaces, an aperture extending
through the first substrate between the first and second sur-
faces, one or more circuit layers, and a plurality of first con-
tact pads electrically coupled to the one or more circuit layers;
providing a sensor chip that includes a second substrate with
opposing first and second surfaces, a plurality of photo detec-
tors formed on or in the second substrate and configured to
receive light incident on the first surface of the second sub-
strate, and a plurality of second contact pads formed at the
first surface or the second surface of the second substrate and
which are electrically coupled to the photo detectors; mount-
ing a protective substrate to the second substrate, wherein the
protective substrate includes a cavity formed into a surface
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thereof which is disposed over the plurality of photo detec-
tors; forming a plurality of electrical conduits of electrically
conductive material each of which extending through the
protective substrate and in electrical contact with one of the
second contact pads; and forming electrical connectors each
electrically connecting one of the first contact pads and one of
the electrical conduits.

Other objects and features of the present invention will
become apparent by a review of the specification, claims and
appended figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1F are cross sectional side views showing in
sequence the steps in forming the image sensor assembly.

FIGS. 2A-2D are cross sectional side views showing in
sequence the steps in forming an alternate embodiment of the
image sensor assembly.

FIGS. 3A-3B are cross sectional side views showing in
sequence the steps in forming a second alternate embodiment
of the image sensor assembly.

FIG. 4 is a cross sectional side view showing a third alter-
nate embodiment of the image sensor assembly.

FIG. 5 is a cross sectional side view showing a fourth
alternate embodiment of the image sensor assembly.

FIG. 6 is a cross sectional side view showing a fifth alter-
nate embodiment of the image sensor assembly.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to camera modules and pack-
aging of microelectronic image sensor devices, and more
particularly to the forming a low profile chip scale camera
module that includes a low profile wafer level packaged
image sensor.

FIGS. 1A-1F illustrate the formation of the packaged
image sensor. The formation begins with a wafer 10 (sub-
strate) containing multiple image sensors 12 formed thereon,
as illustrated in FIG. 1A. Each image sensor 12 includes a
plurality of photo detectors 14, supporting circuitry 16, and
contact pads 18. The contact pads 18 are electrically con-
nected to the photo detectors 14 and/or their supporting cir-
cuitry 16 for providing off chip signaling. Each photo detector
14 converts light energy to a voltage signal. Additional cir-
cuitry may be included to amplify the voltage, and/or convert
it to digital data. Color filters and/or microlenses 20 can be
mounted over the photo detectors 14. Sensors of this type are
well known in the art, and not further described herein.

A protective substrate 22 is mounted over substrate 10 via
spacers 24. Preferably, the substrate 22 and spacers 24 form
cavities 26 that each separately encapsulates one of the sen-
sors 12. Cavities 26 are preferably large enough to cover the
entire active sensor area of each sensor 12, but do not extend
over the contact pads 18. The protective substrate 22 and
spacers 24 are bonded on the active side of the image sensor
substrate 10 by epoxy, polymer, resin or any other appropriate
bonding adhesive(s) and method(s). Substrate 22 can be a
polymer, glass, a composite of glass and polymer, or any other
optically transparent material(s). Preferably, the substrate 22
is glass with a thickness in range of 50 to 1000 um. Spacers 24
can be made of epoxy, polymer, resin, glass, solder mask or
any other appropriate material(s) with a preferred height of in
range of 5 to 500 um. The resulting structure is shown in FI1G.
1B.

Silicon thinning can be done by mechanical grinding,
chemical mechanical polishing (CMP), wet etching, atmo-
spheric downstream plasma (ADP), dry chemical etching
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4

(DCE), and a combination of aforementioned processes or
any another appropriate silicon thinning method(s) to reduce
the thickness of substrate 10. A non-limiting example of the
thinned thickness of substrate 10 is in the range of 50 to 500
um, such as approximately 200 um. Via holes 28 are then
formed into the top surface of substrate 22 and extend all the
way through substrate 22 and through spacers 24 to expose
contact pads 18. Via holes 28 can be made by photolithogra-
phy followed by plasma etch, laser drill, wet etch or any
another appropriate VIA forming method(s). Preferably, laser
drilling is used, and the bottom of the VIA holes 28 are no
larger than the contact pads 18 so that no portion of the silicon
of substrate 10 is exposed. The top openings of the VIA holes
28 are preferably larger than their bottom openings, creating
a funnel shape for each Via hole 28. The resulting structure is
shown in FIG. 1C.

The VIA holes 28 are filled or lined with a conductive
material 30, such as silver, copper, aluminum, gold, conduc-
tive polymer, conductive adhesive, a combination of afore-
mentioned materials or any other appropriate conductive
material(s). The conductive material 30 can be deposited into
the VIA holes 28 by PVD (physical vapor deposition), plat-
ing, screen printing or any other appropriate dispensing meth-
0d(s). The conductive material 30 forms electrical conduits
each extending through the protective substrate 22 and spacer
24. Electrical interconnects 32 are then formed or deposited
on the conductive material 30. Interconnects 32 can be BGA,
stud bump, plated bump, conductive polymer bump, copper
pillar, micro-post or any other appropriate interconnecting
structure. Alternately, interconnects 30 can be formed adja-
cent to via holes 28 in a manner where they are in electrical
contact with the conductive material 30. Wafer level dicing/
singulation of components can be done with mechnical blade
dicing equipment, laser cutting or any other apporiate pro-
cesses to separate each image sensor 12 into separate die. The
resulting structure is shown in FIG. 1D.

The singulated packaged sensor die can then be mounted
via interconnects 32 to a host substrate 34 having contact pads
36, circuitry layers 38 and an aperture 40 that is positioned
over image sensor 12, as shown in FIG. 1E. The host substrate
34 can be an organic Flex PCB, FR4 PCB, silicon (rigid),
glass, ceramic or any other type of appropriate substrate.

A lens module 42 may be mounted over the sensor 12, as
illustrated in FIG. 1F. An exemplary lens module 42 can
include a housing 44 bonded to the host substrate 34, where
the housing 44 supports one or more lenses 46 over the sensor
12. With this final structure, the image sensor 12 is secured to
one side of host substrate 34 by interconnects 32, and lens
module 42 is secured to the other side of the host substrate 34,
where the lens module focuses incoming light through aper-
ture 40, through protective substrate 22, and onto photo detec-
tors 14. Protective substrate 22 protects image sensor 12 from
contamination. Conductive material 30 electrically connects
contact pads 18 to interconnects 32, which in turn are elec-
trically connected to contact pads 36 and circuit layers 38 of
host substrate 34.

FIGS. 2A-2D illustrate the formation of an alternate
embodiment of the packaged image sensor. The formation
begins with the same structure as illustrated in FIG. 1A,
except the contact pads 18 are located on the opposite surface
of the substrate 10 on which light is incident. This configu-
ration could include back side illuminated sensor devices
(BSI) where the photo detectors 14 are formed adjacent the
opposite surface of the substrate as the contact pads 18 or the
photo detectors are configured to detect light entering the
substrate 10 through that opposite surface. The substrate 10 is
mounted to a support substrate 50 using an appropriate adhe-
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sive 52, as shown in FIG. 2A. The sensors are then encapsu-
lated by protective substrate 22 and spacers 24, and the sup-
port substrate 50 thinned, by the same techniques described
above with respect to FIGS. 1B and 1C, to result in the
structure shown in FIG. 2B.

The via holes 28 are then formed, as explained above with
respect to FIG. 1C, into the top surface of substrate 22 and
extend all the way through substrate 22 and through spacers
24. Additionally, the via holes 28 are extended through sub-
strate 10 to expose contact pads 18 by an additional silicon
etch. The sidewalls of the VIA holes 28 are lined with an
insulation layer 54 such as polyimide, ceramics, polymer,
polymer composite, parylene, silicon oxide, epoxy, silicone,
nitrides, glass, resin, and/or a combination of aforementioned
materials or any other appropriate dielectric material(s). Pref-
erably, insulation layer 54 is silicon dioxide, and is formed by
depositing the layer of material 54 over the entire structure,
followed by the deposition of a photo resist layer. The photo
resist layer is patterned by photolithography to remove the
photo resist layer except for the side surfaces of via holes 28,
leaving the remainder of layer 54 exposed (i.e. on the hori-
zontal surfaces). An etch is used to remove the exposed por-
tions of layer 54, leaving the structure shown in FI1G. 2C (after
removal of the photo resist).

The processing steps discussed above with respect to
FIGS. 1D-1F are next performed (i.e. to form conductive
material 30 and interconnects 32, to singulate the die, to
mount to host substrate 34, and to include lens module 42),
which results in the structure shown in FIG. 2D.

FIGS. 3A and 3B illustrate the formation of a second
alternate embodiment of the packaged image sensor, where
the via holes 28 and conductive material 30 are not formed
through the protective substrate 22. The formation begins
with the same structure as illustrated in FIG. 1B. After silicon
thinning of the substrate 10, the portions of protective sub-
strate 22 over the contact pads 18 are cut and removed, pref-
erably by using laser cutting equipment, mechanical sawing,
and a combination of aforementioned processes or any other
appropriate glass cutting method(s), as illustrated in FIG. 3A.
Laser cutting is the preferred method, and exposes portions of
spacers 24 over the contact pads 18.

The via holes 28 are formed through the spacers 24 to
expose the contact pads 18 in a similar manner as described
above with respect to FIG. 1C. The processing steps as
described above with respect to FIGS. 1D-1F are then per-
formed, to result in the structure shown in FIG. 3B. The
overall thickness of this embodiment can be less than that of
FIG. 1F because the protective substrate 22 can at least par-
tially protrude into the aperture 40.

FIG. 4 illustrates a third alternate embodiment of the pack-
aged image sensor, where the cutting of the protective sub-
strate 22 as described above with respect to FIG. 3A is applied
the structure of FIG. 2B, before the remaining processing
steps described above with respect to FIGS. 2C-2D are per-
formed. The overall thickness of this embodiment can be less
than that of FIG. 2D because the protective substrate 22 can at
least partially protrude into the aperture 40.

It is to be understood that the present invention is not
limited to the embodiment(s) described above and illustrated
herein, but encompasses any and all variations falling within
the scope of the appended claims. For example, references to
the present invention herein are not intended to limit the scope
of'any claim or claim term, but instead merely make reference
to one or more features that may be covered by one or more of
the claims. Materials, processes and numerical examples
described above are exemplary only, and should not be
deemed to limit the claims. Further, as is apparent from the
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claims and specification, not all method steps need be per-
formed in the exact order illustrated or claimed, but rather in
any order that allows the proper formation of the packaged
image sensor. For each sensor die, spacer 24 can be a single
element or a plurality of discrete spacer elements. Alternately,
spacer 24 can be omitted from the embodiments of FIGS. 1F
and 2D, and instead cavities 26 can be formed into the bottom
surface of substrate 22 (e.g. by photolithography etching), as
illustrated in FIGS. 5 and 6 respectively, where via holes 28
and conductive material 30 are formed through substrate 22.
Lastly, single layers of material could be formed as multiple
layers of such or similar materials, and vice versa.

It should be noted that, as used herein, the terms “over” and
“on” both inclusively include “directly on” (no intermediate
materials, elements or space disposed therebetween) and
“indirectly on” (intermediate materials, elements or space
disposed therebetween). Likewise, the term ‘“adjacent”
includes “directly adjacent” (no intermediate materials, ele-
ments or space disposed therebetween) and “indirectly adja-
cent” (intermediate materials, elements or space disposed
there between), “mounted to” includes “directly mounted to”
(no intermediate materials, elements or space disposed there
between) and “indirectly mounted to” (intermediate materi-
als, elements or spaced disposed there between), and “elec-
trically coupled” includes “directly electrically coupled to”
(no intermediate materials or elements there between that
electrically connect the elements together) and “indirectly
electrically coupled to” (intermediate materials or elements
there between that electrically connect the elements
together). For example, forming an element “over a sub-
strate” can include forming the element directly on the sub-
strate with no intermediate materials/elements therebetween,
as well as forming the element indirectly on the substrate with
one or more intermediate materials/elements therebetween.

What is claimed is:

1. An image sensor package, comprising:

a host substrate assembly including:

a first substrate with opposing first and second surfaces,

an aperture extending through the first substrate between
the first and second surfaces,

one or more circuit layers,

aplurality of first contact pads electrically coupled to the
one or more circuit layers;

a sensor chip that includes:

a second substrate with opposing first and second sur-
faces,

a plurality of photo detectors formed on or in the second
substrate and configured to receive light incident on
the first surface of the second substrate, and

a plurality of second contact pads formed at the first
surface of the second substrate and which are electri-
cally coupled to the photo detectors;

a spacer mounted to the first surface of the second sub-

strate;

a protective substrate mounted to the spacer and disposed

over the plurality of photo detectors;

aplurality of electrical conduits each formed of electrically

conductive material that extends through the spacer and

is in electrical contact with one of the second contact
pads; and

electrical connectors each electrically connecting one of

the first contact pads and one of the electrical conduits.

2. The image sensor package of claim 1, wherein each of
the electrical conduits has a funnel shaped cross section.

3. The image sensor package of claim 1, wherein each of
the electrical conduits also extends through the protective
substrate.
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4. The image sensor package of claim 1, wherein the pro-
tective substrate is at least partially disposed in the aperture.

5. The image sensor package of claim 1, further compris-
ing:

a lens module mounted to the host substrate assembly,
wherein the lens module includes one or more lenses
disposed for focusing light through the aperture and onto
the photo detectors.

6. The image sensor package of claim 5, wherein:

the lens module is mounted to the first surface of the first
substrate; and

the first contact pads are disposed at the second surface of
the first substrate.

7. An image sensor package comprising:

a host substrate assembly including:

a first substrate with opposing first and second surfaces,

an aperture extending through the first substrate between
the first and second surfaces,

one or more circuit layers,

aplurality of first contact pads electrically coupled to the
one or more circuit layers;

a sensor chip that includes:

a second substrate with opposing first and second sur-
faces,

a plurality of photo detectors formed on or in the second
substrate and configured to receive light incident on
the first surface of the second substrate, and

a plurality of second contact pads formed at the second
surface of the second substrate and which are electri-
cally coupled to the photo detectors;

a spacer mounted to the first surface of the second sub-
strate;

a protective substrate mounted to the spacer and disposed
over the plurality of photo detectors;

aplurality of electrical conduits each formed of electrically
conductive material that extends through the spacer and
is in electrical contact with one of the second contact
pads; and

electrical connectors each electrically connecting one of
the first contact pads and one of the electrical conduits;

wherein each of the electrical conduits also extends
through and is insulated from at least a portion of the
second substrate, and wherein each of the electrical con-
duits also extends through the protective substrate.

8. The image sensor package of claim 7, further compris-

ing:

a support substrate mounted to the second surface of the
second substrate.

9. The image sensor package of claim 7, wherein the pro-

tective substrate is at least partially disposed in the aperture.

10. An image sensor package, comprising:

a host substrate assembly including:

a first substrate with opposing first and second surfaces,

an aperture extending through the first substrate between
the first and second surfaces,

one or more circuit layers,

aplurality of first contact pads electrically coupled to the
one or more circuit layers;

a sensor chip that includes:

a second substrate with opposing first and second sur-
faces,

a plurality of photo detectors formed on or in the second
substrate and configured to receive light incident on
the first surface of the second substrate, and
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a plurality of second contact pads formed at the first
surface or the second surface of the second substrate
and which are electrically coupled to the photo detec-
tors;

5 a protective substrate mounted to the second substrate,
wherein the protective substrate includes a cavity
formed into a surface thereof which is disposed over the
plurality of photo detectors;

aplurality of electrical conduits each formed of electrically
conductive material that extends through the protective
substrate and is in electrical contact with one of the
second contact pads; and

electrical connectors each electrically connecting one of
the first contact pads and one of the electrical conduits.

11. The image sensor package of claim 10, further com-
prising:

a lens module mounted to the host substrate assembly,
wherein the lens module includes one or more lenses
disposed for focusing light through the aperture and onto
the photo detectors.

12. The image sensor package of claim 10, wherein:

the lens module is mounted to the first surface of the first
substrate; and

the first contact pads are disposed at the second surface of
the first substrate.

13. The image sensor package of claim 10, wherein each of

the electrical conduits has a funnel shaped cross section.

14. The image sensor package of claim 10, wherein the
second contact pads are formed at the first surface of the
second substrate.

15. The image sensor package of claim 10, wherein the
second contact pads are formed at the second surface of the
second substrate, and wherein each of the electrical conduits
also extends through and is insulated from at least a portion of
the second substrate.

16. The image sensor package of claim 15, further com-
prising:

a support substrate mounted to the second surface of the

second substrate.

17. A method of forming an image sensor package, com-
prising:

providing a first substrate that includes opposing first and
second surfaces, an aperture extending through the first
substrate between the first and second surfaces, one or
more circuit layers, and a plurality of first contact pads
electrically coupled to the one or more circuit layers;

providing a sensor chip that includes a second substrate
with opposing first and second surfaces, a plurality of
photo detectors formed on or in the second substrate and
configured to receive light incident on the first surface of
the second substrate, and a plurality of second contact
pads formed at the first surface of the second substrate
and which are electrically coupled to the photo detec-
tors;

mounting a spacer to the first surface of the second sub-
strate;

mounting a protective substrate to the spacer wherein the
protective substrate is disposed over the plurality of
photo detectors;

forming a plurality of electrical conduits of electrically
conductive material each of which extending through
the spacer and in electrical contact with one of the sec-
ond contact pads;

forming electrical connectors each electrically connecting
one of the first contact pads and one of the electrical
conduits.
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18. The method of claim 17, further comprising:

mounting a lens module to the first substrate, wherein the

lens module includes one or more lenses disposed for
focusing light through the aperture and onto the photo
detectors.
19. The method of claim 17, wherein the forming of the
plurality of electrical conduits further comprises forming
each of the electrical conduits to extend through the protec-
tive substrate.
20. A method of forming an image sensor package, com-
prising:
providing a first substrate that includes opposing first and
second surfaces, an aperture extending through the first
substrate between the first and second surfaces, one or
more circuit layers, and a plurality of first contact pads
electrically coupled to the one or more circuit layers;

providing a sensor chip that includes a second substrate
with opposing first and second surfaces, a plurality of
photo detectors formed on or in the second substrate and
configured to receive light incident on the first surface of
the second substrate, and a plurality of second contact
pads formed at the first surface or the second surface of
the second substrate and which are electrically coupled
to the photo detectors;
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mounting a protective substrate to the second substrate,
wherein the protective substrate includes a cavity
formed into a surface thereof which is disposed over the
plurality of photo detectors;
forming a plurality of electrical conduits of electrically
conductive material each of which extending through
the protective substrate and in electrical contact with one
of the second contact pads;
forming electrical connectors each electrically connecting
one of the first contact pads and one of the electrical
conduits.
21. The method of claim 20, further comprising:
mounting a lens module to the first substrate, wherein the
lens module includes one or more lenses disposed for
focusing light through the aperture and onto the photo
detectors.
22. The method of claim 20, wherein the second contact
pads are formed at the first surface of the second substrate.
23. The method of claim 20, wherein the second contact
pads are formed at the second surface of the second substrate,
and wherein the forming ofthe plurality of electrical conduits
further comprises forming each of the electrical conduits to
extend through and be insulated from at least a portion of the
second substrate.



